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Illinois River Watershed
Soil and LitterlManure Sampling Protocol

i. Selection of Samplig Locations

A. Sample locations wil be selected from either contract growers farms or
company-owned facilities for up to seven Integrators. Between one
and three farm/facities wil be selected from each Integrator. At each

of these fans/ facilities, litter from the poultr houses wil be
collected. Collecton of litter from the poultr houses wil be conducted
by the owner or his representative. Fields where documentation of
litter application from a speciic farm and Integrator is avaiable from
the Oklahoma Department of Agricultue, Food and Forestr wil also

be selected for sample collection. Between one and three fields wil be
selected from each Integrator. Field locations selected wil be within
the Ilois River Watershed (see Exhbit "A", a map showing the

boundar of the Ilois River Watershed, roads, towns and public land

survey grid). Personnel from the Oklahoma Department of
Agrculture, Food and Forestr wil collect the samples from the fields.
If persion is obtained from the owner of the field, staff from CDM

may also entr the field and assist in samplig. Neither personnel
from the Department of Agricultu, Food and Forestr or COM wil
sample litter from poultr houses. Considerations for sample
collection from farms/facilities and fields include:

1. Poultr litter/manure has been consistently produced,

2. Poultry litter/manure is curently being generated,

3. Poultr litter/manure has been consistently (every year for the at

least the past 3 years) applied to land (Litter Application
Locations, "LALs") associated with the Farm/Facity,

4. Availabilty of land upon which poultr litter/manure has not
been applied (Control Locations, "Cts").

B. The locations should contai the following inormation for each
associated Farm/Facilty:

1. Name of Farm/Facilty owner and Farm/Facilty contact person,

2. Physical address and location (section~township-range) of

Facility,

3. Contact address of Farm/Facility owner or Farm/Facilty contact

person,

4. Contact phone number of Farm/Facilty owner or Farm/Facilty

contact person,
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5. Whether or not one or more LALs can be accessed at the
Farm/Faciity,

6. The physical location of each LAL.

7. Whether or not one or more CLs can be accessed at the
Far/Facity.

8. The physical location of each CL.

9. Whether or not a litter/manure and/or nutrent management
plan has been prepared for LALs at the Farm/Facility,

10. Estites of the amounts, rates and dates of prior litter/manure

applications to each LAL at the farm/facilty,

11. Estimates of litter treatment or amendments added to each LAL

(e.g., alum, etc), if any, and inormation as to amount, rate and
dates of application

12. Number, type, physical size and capacity of poultr grow houses
(or other poultry /egg production facilties, as appropriate)
operated at Farm/Facility ("Poultry Houses").

C. Between one and thee Farms/Facilties from each Integrator wil be
selected for soil and littr/manure samplig. Either facities
containg tukeys or broilers wil be selected. One facity with pulets
and one facity with layers wil also be selected. Currently 8 facilties
have been identied as the locations for sampling. Additional backup
facities have also been identified from each Integrator. Each of these

Faciities wil have associated LALs, but mayor may not have
assocated CLs.

D. If avaiable, at least the Farm/Facilties with CLs wil be selected.

E. If available, LALs and CLs associated with a single Farm/Facity be
sampled.

F. If only the CL at a Farm/Facity is sampled, the Poultr Houses at that
facilty wil not be sampled.

G. The total number of LALs selected wil not exceed twenty-four (24).

H. The total number of CLs selected wil not exceed eight (8).

II. Sampling Documentation

A. Samplig Log Book .and Sampling Forms

1. A Samplig Log Book and Sampling Forms shall be maintained.

2. Example forms are provided in Exhbit B. Pages in the Sampling
Log Book wil reference specific Sampling Form by use of the
Facility Identification.
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3. The Samplig Log Book shall be bound and shall be constructed
of waterproof paper.

4. Entries in the Samplig Log Book or the on the Sampling Form
shall be made in black permanent in.

S. Each page of the Samplig Log Book shall be dated.

6. The preparer shall intial each page of the Samplig Log book.

7. For each Farm/Facilty sampled, the following information shal
be recorded in the Samplig Log Book or on the Sampling Forms:

a. Name, address and phone number of the Farm/Facility
owner,

b. Identification of the Farm/Facilty, FAC1- FACB,

c. Name, address and phone number of the Farm/Facility
operator,

d. Name, address and phone number of the. Integrator
responsible for the Farm/Facility,

e. Names, addresses and phone numbers of persons who

have spread litter/manure on LALs associated with the
Farm/Faciity,

f. The amòunts, rates and dates of prior litter/manure
applications to specific LALs at the Farm/Facilty
(confirm State Reports),

g. The existence of prior soil samplig data for LALs or
CLs at the facity (yes or no),

h. The water supply for the Farm/Facilty,

i. The legal descrption (qtr-qtr-qtr.sec-twp-rng) of the

property related to the Farm/Facity,

j. The legal description (qtr-qtr-qtr~sec-tw~rng) of the

CLs at the Farm/Faciity,

k. Type of anials generating litter (broilers, layers,
pullets, tukeys, etc.),

1. Number of flocks of birds that have used the litter that is
sampled,

m. The number of -birds in each flock that have used the
litter that is sampled,

n. The tie since birds last used the litter,
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o. Litter treatment (e.g. alwn amendment), if any, and
inormation as to amount, rate and date or dates of
treatment,

p. Information as to any other fertizers, chenncals or soil
amendments added durg the last five years,

q. Use of each tAL by cattle (yes or no) and tyical
nwnber of catte.

r. Specific information listed with ths protocol,

s. Sketc map of each LAL with approximate diensions;

indicate local features on the sketch (vegetation, water
bodies, adjacent fields, location of poultr houses, roads,
old fence rows, livestock feeding areas, livestoc grazing
areas, etc); diensions and fearues can also be placed
on the aerial photographs,

t. Land slope of each LAL (or LAL sub-area),

u. Oistance to nearest water body,

v. Notes on weather (temperature, wind, last precipitation
event, etc),

w. Type of vegetation currently on the LAL, if any, and any
known vegetation grown in past 5 years,

x. Use of adjacent fields, and;

y. Other inormation as appropriate or relevant.

B. Photographic Record

1. A photographic record shal be made and maintained for all
samplig activities on the LAL. Pictures of the LALs, CLs and the
outsides of the poultry house wil be taken. No pictures of
sampling activities inside the poultry houses wil be taken.

2. All photographs made shall be time and date stamped.

e. Chain-of-Custody

1. A Chain-of-Custody shall be prepared for each set of samples
tranferred to the soil and litter processing lab (CDM Support
Laboratory in Denver, Colorado). . A second chai-of-cutody wil
be prepared at the processing lab for the analytical laboratory.

2. The Chain-of-Custody to the soil processing lab shall, at a
minium, conta the following inormation:

a. The project name, Illnois River Watershed Soil and

Litter/Manure Sampling,

b. Name of person or entity collecting samples,
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c. Signature blocks with dates and times for all persons

having custody (sampler, shipper, processing
laboratory, etc),

d. For each sample related to a Chain-of-Custody:

i. The unque numerc identiier on the submitted
sample container /bag,

ii. The date and tie the sample.was collected,

ilL The sample "matrix" (Le. SOIL or LmER), and¡

III. Soil Samplig

A. Utter Application Locations (LALs) and Control Locations (CLs)

1. Permissible Soil and Weather Conditions

a. Soils cannot be sampled if water saturated.

b. Soil canot be sampled during precipitation events.

2. Division into Samplig Areas

a. A Samplig Area is an area with a LAL or CL that is
reasonably homogenous with respect to soil tyes, soil
properties, topography, landscapes, management
Wstory (to the extent known), and other relevant factors,
as -appropriate.

b. For each LAL or CL sampled, the LAL or CL shall be
divided into a maximum of four Sampling Areas,
identiied as A, B, C and D.

c. Sampling Areas identied with the LAL or CL shall be

a mium of approxiately one acre and shall not
exceed approxiately 10 acres.

d. In makig determinations concerng the division of the
LAL or CL into Sampling Areas, the peron or persons
makig those determiations shall consult the relevant
USDA/NRCS soil survey and USGS topographic map
and/ or data. The data consulted shall be identified by
reference in the Samplig Log Book.

e. The person or persons who make the determiations

concerng the division of the LAL or CL into Samplig
Areas shall prepare a sketch map of the LAL or CL and
its constituent Sampling Areas. Ths sketch map shall
show the approximate boundaries of each Sampling
Area and the estiated area of each Sampling Area.

Thi information can also be recorded on the aerial
photographs.
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3. Identification of Sub-Sampling Locations

a. A Sub-Sampling Location is an area with a Sampling
Area at which individua soil samples wil be collected.

b. A total of 20 sub~sampling locations shal be sampled

for each Sampling Area.

c. Sub-Samplig Locations shall be identified by following
the procedure outlined in Exhbit C, Sample Location

Protocol for Each of the Sampling Areas. A thru D.

d. The selection of Sub-Sampling Locations shall avoid:

i. Old fence rows,

H. livestock feeding areas,

Hi. livestock loafing areas, and;

iv. Localized conditions atyical of the Samplig
Area.

e. The geographic coordinates (Latitude and Longitude) of

the first Sub-Sampling Location in each Sampling Area
or a comer of the Samplig Area shall be determied
using a Global Positioning System (GPS) receiver
accurate to at least five (5) meters. These geographic
coordinates shall be recorded in the Sampling Log Book.

f. Representative Sub-Sampling locations shal be

documented with a time and date stamped photograph.

4. Soil Samples to be collected at each Sub-Sampling Loation

a. For puroses of this Protocol, a Sub-Sampling Location

shall be an area defined by a triangle with thee-foot
sides with the middle placed on the Sub-Samplig
Location.

b. At each Sub-Samplig Location, core samples with a
length of at least six inches wil be collected at the
comers of the triangle. The samples wil be divided into
three separate soil samples as follows:

i. Four (4) to Six (6) Inch Sample depth. Ths two
inch sample wil be collected by measuring the
length of the core from the top of the sample.
The two inch section of core wil be placed in a
plastic bag with the appropriate identification.

ii. Two (2) to Four (4) Inch Sample depth. This two
inch sample wil be collected by measuring the
length of the core from the top of the sample.
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The two inch section of core wil be placed in a
plastic bag with the appropriate identification.

ii. Zero (0) to Two (2) Inch Sample depth. Ths two
inch sample will be collected by measuring the
length of the core from the top of the sample.
The two inch section of core wil be placed in a
plastic bag with the appropriate identification.

iv. One core sample wil be collected at each comer
of the triangle unti enough sample is collected
(the bag is full, approxiately 200 to 300 grams).

c. The soil samples collected at each sub~samplig location
shall be collected with soil probe coring devices marked
for 6-inch, 4-inch and 2-inch depth. The diameters of
all soil corers used should be the same, and should be of
a diameter consistent with general practice for
agricultural soil sampling.

d. Whenever a soil sample is to be collected, thatch and
other plant residue shall be removed from the soil
surface prior to pushig the soil probe core into the soil.

i. In the event that soil conditions do not permt

the use of a soil probe coring device, samples
may be collected with a shoveL.

ii. Thatch and other plant residue shall be removed
prior to collectig a sample with a
shoveL.

Hi. When a shovel is used for
collection the following procedure
shall be followed:

(A) At each sub-sampling location, dig a hole at
least 6 inches deep.

(B) Durig excavation, materal from zero to 2
inches should be placed in a bag
appropriately labeled for the depth. Then
the material from 2 to 4 inches should be
placed in a separate bag. And finally the
material from 4 to 6 inches should be placed
in a separate bag.

(C) Material from each depth interval may be

placed on a plastic sheet to facility sample
collection.
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e. Representative soil samples collected shall be
documented with a time and date stamped photograph.

5. Handlig of Samples

a. All individual samples from each sub~location wil be

placed in individual plastic bags (double bagged). The
sample numer wil be placed between the inner and
outer plastic bag. Each samplig area (up to four
samplig aras per LAL) wil have 60 individual
samples (20 sub-sample locations x 3 sample depths = 60
samples). Al samples wil be shipped to the soil/litter
processing laboratory for compositig.

b. Compositig of Samples wil be performed at the soil
processing laboratory. Procedures are provided in
Exhbit D, Soil and Litter Sample Composi~g Protocol.

c. Field QA/QC Samples (Soils)

i. Field Duplicate Samples will be created at the

soil processing lab (see Exhbit D).

ü. Blind Standàrd: A blind standard of a certiied
reference soil shall be sent to the analytical lab
for every 50 samples send to the analytical
laboratory. The blid standard wil be sent by

the soil processing lab (see Exhbit D).

il. Decontanation Blan: a sample of the fial
decontamination rinsate shall be collected and
forwarded to the soil processing laboratory for
analysis at a frequency of one decon risate
collected after samplig is completed at a
facity. The decon blank wil be generated in. the
field using laboratory grade ditiled water.

6. Decontamiation Procedures

a. After each collection of the 20 sub-samples, all

equipment that wil be reused wil be decontaminated.
That is, decontamnation wil occur between every
Sampling Area.

b. Decontamination wil consist of removing all soil or
other material by brushig/scraping the equipment.
The equipment wil then be washed with a phosphate
free soap solution. This wil be followed by a rinse with
ditilled water and then with 6 percent bleach.

c. All decontamiation water and solutions wil be

contained and removed from the facility. The
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decontamination fluids wil be tested and disposed
al'l'ropriately.

iv. Litter /Manure Sampling

A. General Conditions

1. All litte / manur samples shall be collected by the farm owner or
his designated representative.

2. All litter/manure samples shal be collected with litter/manure
in place withn Poultr Houses.

3. Litter/manure may be sampled at any time regardless of weather
conditions.

4. More than one Poultr House may be sampled at a

Farm/Facilty. The litter/manure from each house shall be

maintained as a separate sample. Typically two to three houses
wil be saml'led at each farm/faciity.

B. Location and Distribution of Poultr House Sub-Sample Collection
Points

1. Broiler or Pulet Houses

a. A schematic of the sampling scheme for the collecton of
litter / manure samples is shown in Exhibit "E".

b. Sub-samples are collected from approximately 1/3
house-width zones.

c. Approximately six samples are collected from each
zone.

d. Sub-samples should be located so as to obtain two
samples from around the waters, feeders and walls on
each side of the house.

e. Sub-samples are spaced at 20 to ZS'pace interval.

f. Sub-sampling locations alternate between the "sides" of
each zone (i.e. a Jlzig-zag" pattern is traversed between
samplig locations withi a zone).

g. Sub-samples collected from adjacent zones should not

be immediately adjacent.

2. Breeder Houses (partially slatted)

a. Sub-samples shall be collected from both slatted and
litter areas.

b. Twenty (20) sub-samples shall be collected
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c. Sub-samples shall proportionally represent the relative
aerial proportion of slatted and litter areas; for example
if 2/3 of the house is under slats, and 1/3 is litter area,
14 litter/manure samples should he collected form

under the slats and 7 litter/manure samples should be

collected from the litter area.

d. Sub-samples taken beneath slats sha be as fully
penetrating of the manure as possible and shall be
distrbuted so as to obtain a representative sample of the

entire slatted area.

e. Sub-samples from litter areas shall be collected in the
same maner (i.e. "zig-zag" pattern) as used for broiler
or pullet houses. (See Exhbit "E").

3. Other Circumtances

a. Samplig of litter/manure with a Poultry House for

circumstances and conditions other than those descrbed
for Broiler, Puet or Breeder Houses shall be conducted
so as to obtain a representative sample of the
litter/manure within that Poultr House.

b. The circumstances or conditions requiring a variation
from the sampling protocol descrbed for Broiler, Pulet
or Breeder Houses shall be documented in the Samplig
Log Book.

c. A description of the methodes) ànd procedures used to

collect a representative sample of the litter/manure
with a Poultry House in which the samplig protocol

for Broiler, Pulet or Breeder Houses canot be followed
shal be documented in the Sampling Log Book.

d.The methodes) and procedurs used to collect a
representative sample of the litter/manure withn a
Poultry House in which the sampling protocol for
Broiler, Pullet or Breeder Houses canot be followed
shall follow the principles embodied in the reference
materials attached as Exhbit liE".

C. Documentation

1. The geographic coordinates (Latitude and Longihide) of the

approxiate center of each sampled poultry house along its long
axis shall be determined using a Global Positionig System (GPS)
receiver accuate to at least five (5) meters. Ths measurement
shall be made outside the poultry house. These geographic
coordinates shall be recorded in the Sampling Log Book.
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2. All sub~samples shall be collected with an appropriate solid
manure samplig device.

3. Al samples from litter areas shal be collected through the ful
thickness (surface to base) of the litter/manure.

4. All samples from slatted areas shall, to the extept possible, be
collected through the ful thickness (surface to base) of the
litter /manure.

5. Immediately after collection, all sub-samples shall be placed in a
plastic bag contained inside a S.gallon plastic bucket.

6. For partially slatted houses, sub-samples from slatted and littr

areas shal be composited together.

7. The s-galon bucket wil be given to staff from the Oklahoma
Department of Agricutue, Food and Forestry.

D. Sample Compositing

1. The plastic bag inside of the S-gallon bucket wil be closed with a
tie. The appropriate chai-ofooustody wil be placed inside each
bucket and the bucket sealed. The bucket wil be transported to
the soil/litter processing lab. No mixig or compositing wil
occur in the field.

2. Field QA/QC Samples (Manure/Utter)

a. Field Duplicate Samples wil be created in the soil/litter
processing lab (see exhbit D).

b. Decontamination Blank (created in the field): a sample
of the final decontamiation rinsate shal be colleced
and forwared to the processing lab to send to the
analytical lab for analysis at a frequency of one decon
rinsate for every facilty.

c. Blind Standard (created at the soil/litter processing
lab): A blind standard of a certified reference soil shall
be sent for ever 10 litter samples sent to the analytical
laboratory (two blind standards).

V. Person(s) Collecting Samples and Observing Sampling

A. Personnel from the Oklahoma Department of Agriculture, Food and
Forestr wil conduct the soil sampling from each LAL. If permission

from the owner is obtained to go on the field, personnel from CDM
wil also assist in sampling of the field. .If permission is not obtained,
CDM personnel wil remai at the edge of the field to receive the
samples. CDM personnel can process samples, chain-of-custody,
coordiate shipping, etc.
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B. Neither personnel from the Oklahoma Department of Agriculture,
Food and Forestr or CDM wil collect litter from the poultr houses.

VI. Identification of Samples

A. Identification of Samples

1. Identiyig inormation to be recorded on the sample label for

soil samples:

a. Alphanumeric identiication of the LAL or CL: LAL1-
LAL24, CL1 - CL8. The log book wil be used to record
the farm and location of each LAL or CL.

b. Alphanumeric identification of the Sampling Area: A-
D

c. Alphanumeric identification of the Sub-sample location:
1-20

d. Alphanumeric identiication of the depth of collection
(i.e. -2, -4, -6)

e. The following sample number is an example of th soil
sample taken from LAL field number 5, samplig area
B, sub-sample location 18, and a depth of 2 inches:

LALS~B~ 18~2

f. For samples subintted to the analytical lab, additional
alphanumeric identification of the type of sample wil
be added to the end of the identification number:

i. A~ laboratory sample

ii. B ~ laboratory duplicate

iü. C ~ reference soil (standard)

iv. D = decontamiation blan (added to field
samples)

v. E = laboratory QA/QC (extra volume)

g. Date of sample collection (only on chain-of-custody),

h. Time of sample collection (only on chain-of-custody),

i. Intials of the person collecting the sample (only on

chain-of-custody).

2. Identifying information to be recorded on the sample label for

litter/manure samples:

a. Alphanumeric identification of the Faciity: FAC-i-
FAC8.
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b. Alphanumeric identiication of the Poultr House: A-
C

c. The following sample number is an example of the litter
sample taken from facilty number 5 and poultr house
B:

FACS-B

d. Samples sent to the analytical laboratory wil have
alphanumeric identification of the tye of sample added
to the end of the number:

i. A;; laboratory sample

ii. B = laboratory duplicate

iii. C;; reference soil (standard)

iv. 0;; decontamiation blan (added in the field)

v. E;; laboratory QA/QC (extra volume)

e. Date of sample collection (only on chain-of-custody),

f. Time of sample collection (only on chain-oF-custody),

g. Initials of the person collectig the sample (only on
chabn-of-custody).

B. When sendig samples to the anlytcal lab, identifying information
marked on the samplig container shall be protected by covering the
identiyig inormation with clear plastic tape.

VI. Shipment of Samples to the soil/litter processing laboratory and to the
analytcal laboratory

1. Once placed bn samplig containers (plastic bags or jars), samples
shal be placed on blue ice (sealed in plastic bags) with
insulated protective containers.

2, If possible, samples shal be shipped imediately via overnght
shipment to the analytcal laboratory.

3. In no event, shall samples be held more than 24 hours before

shipment.

4. Samples shall be sent to the laboratory under a Chain-of _
Custody.

5. A custody seal wil be place on the outside of the container across
the area between the lid and the container. The custody seal wil
be signed.
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6. The Chai-of~Custody shall be sealed in a plastic bag and placed
with the insulated protective contaier holdig those samples
to which it refers.

vr. Analytcal

A. Laboratory

1. The laboratory conductig the anayses shal be experienced in

conductig the specied analyses and shall have certifications to
conduct the specified analyses.

2. All analyses and sample preparation shall be conducted using

. accepted and published protocols and/or methods.

B. Analytcal Protocols

1. Soil samples wil be analyzed for one of two sets of parameters
(short list or long list). Table 1 provides the parameters and
analytical methods for the short and Table 2 provides the
parameters and analytical methods for the long list.

2. Litter samples wil be analyzed for Table 2 parameters.

Table 1: Short List Parameters - Soli

Parameter Method
Moisture content (%) Gravimetric (10SC)

OrganIc matter Walkley-Black (Modified)

Soil pH Water 1:1

Soil Conductivity Water 1:2

Total Nitrogen Kjeldahl, modified

Total Aluminum (AI) EPA SW-30S0/6010

Total Phosphorous (P) EPA SW-30S0/6010

Total Arsenic (As) EPA SW-3050/601 0

Total Copper (Cu) EPA SW-3050/6010

Total Zinc (Zn) EPA SW-3050/6010

CO 140f17

C;\Ool. on Seting_Loc SolllngslTomporary '''.,001 F"dul~ng ""oc _8_ S/l&'S cr
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Table 2: Long LIst Parameters - Manure and Soli

Parameter Method
Moisture content (%) Gravimetric (1 05C)

Organic matter Walkley-Black (Modified)

Texture(% sand, slit and clay) Hydrometer ASTM-D422

SolJpH. Water 1:1

Soil Conductivity Water 1:2

Total Phosphorous (P) EPA SW-3050/6010

Mehlich.iii Phosphorous (Mehlich-II P) Mehllch II (lCP)

Soluble Phosphorous Water 1:10, Bull.396, pg 17

Soluble nitrate Water 1:10
Total Nitrogen Kjeldahl, modifed

Soluble ammonIum Water 1:10

Soluble sulfate Water 1:10
.

Soluble chloride Water 1:10

TAL Metals EPA SW-3050/6010

Total Molybdenum (Mo) EPA SW-3050/6010

Bacteria:

Total coliform SM-9221B

enterococcus SM-9221 F

Fecal coliform SM-9230B

e-coll SM-9221F

staphylococcus MPN

campylobacter MPN

salmonella MPN

1713-estradiol, estrone, estriol LC-MS-MS

CO

C. Anticipated number of samples

1. Soils: Assuming four areas and thee depths wil be collected at
24 LALs and 8 CLs, 384 soil samples (32 fields x 4 areas x 3
depth) wil result (after compositig) and be analyzed. In
addition, 38 duplicates (1 in 10); 8 decon rinsates (one after each
facity); and 8 standards (1 in SO) wil be collected. Two samples
for each LAL and CL (32 x 2 = 64) wil be selected for Table 2
analyses. Six of the duplicates, one of the standards and 1 of the
rinsate samples wil be analyzed for Table 2. The remaing
samples (320 soil samples, 30 duplicates, five standards and
seven rinsates) wil be analyzed for Table 1 parameters. In total,

15 of 17
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438 samples wil be analyzed (362 for Table 1 and 72 for Table 2
parameters).

2. Litter: Assuming three houses from each of eight integrators, 24
liUer samples wil be collected. In addition, 8 duplicates, two
decon rinates and two standards wil be analyzed. In total, 36
samples wil be analyzed for Table 2 parameters.

D. Oata Reportng

1. Data from the laboratory shall be reported in both electronic and
paper reports.

2. Data reports shall include all quality control data generated,
including results for duplicates, blanks and spikes, as applicable.
A level 3 data quality report wil be provided by the laboratory.

3. Data reports shall include a copy of the Chain of Custody
accompanyig each set of samples submitted .

IX. Biosecurity, Decontamiation of Equipment and Personal Protective
Equipment

A. All persons engaged in sampling, observing sampling or documentig
samplig under th protocol shall follow appropriate biosecurty
precautions.

B. Soils

1. To the extent possible, disposable samplig equipment should be
used.

2. All reusable samplig equipment shall be decontamated using
a non-phosphate detergent and three deionized water rinses
between Samplig Areas.

C. Litter/Manure

1. To the extent possible, disposable sampling equipment should be
used.

2. All reusable samplig equipment shal be decontaminated using
a non-phosphate detergent and thee deionized water rinses
between poultr houses.

D. Health and Safety Plan: A health and safety plan that is speciic to ths
samplig protocol wil be prepared and reviewed by all samplers.

X. Exhbits

A. Map showing the boundary of the ilinois River Watershed, Roads,
Towns and Public Land Survey Grid.

B. Forms for recording field information.

C. Sample Location Protocol for Each of the Sampling Areas. A thni D.

16 of 17
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D. Soil and Utter Sample Compositig Protocol.

E. Schematic of the Samplig Scheme for the Collection of Litter /Manure
Sub-Samples.

F. Reference Materials Relied Upon in Preparig ths Docwnent

1. Zhang, H. and Johnon, G. 2003. How to get a good soil sample.
Oklahoma State University Cooperative Extension Service Fact
Sheet F-2207. Available at http://osuextra.okstate.edu/pdfs/F-

2207web.pdf

2. Zhang, H., Hamilton, D. W. and Britton, J. G. 2002. Sampling
Animal Manure. Oklahoma State University Cooperative
Extension Service Fact Sheet F~2248. Avaiable at

http:// osuextra.okstate.edu/pdfs/F-2248web.pdf

3. Eucha/Spavinaw Watershed Management Team. Undated. Soil
Samplig Protocol.

4. Eucha/Spaviaw Watershed Management Team. Undated. Steps

for Pulg Utter Samples.

CO 17 of 17
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Sample Location Protocol for Each of the Sampling Areas, A thru D

I. On the map/aerial photo for the facility, divide each LAL or CL into four relatively
homogeneous areas of approximately the same size and configuration. See Figure 1. These
areas should cover the area where litter has been applied. Rectangular or square shapes over
the areas where litter has been applied are the best. However, the designated
outlines/boundaries of the area should cover most of the area where litter has been applied.
These units are identified as the "Sampling Aras" and designated as "An. "B", "C" and "0".
f'or example at LALS. the first sampling area wil be LAU-A. Each of the four areas should
be a minimum of approximately one acre and a maximum of approximately io acres. If the
LAL or CL is less than 4 acres in size. consider selecting another LAL or divide the field into
only three sampling areas.

2. For each sampling area, pace off the length (L) and width (W). See Figure 2. This can also
be measured on the aerial photo. The length wil be the longer dimension. The Land W can
also be the same (square). If the shape is not a rectangle or square, the Land W should be
measured at the average dimensions.

3. A grd pattern of twenty sampling locations wil be established on each sampling area, A thn.
D. Divide W by 8 (W/8). The origin of the grd wil be located at a distance ofW/8 x W/8
from one comer. See Figure 2. That is. all the sampling points wil be insert from the
boundary of the sampling area (the inser wil be a distance of W/8 on all four sides of the
sampling area). Determine the remaining width (RW) by calculating W - W/4 = RW. Divide
RW by 3 (RWI3). Determine the remaining length (RL) by calculating L - W/4:: RL. Divide
RL by 4 (RU4). The grid pattern wil have dimensions ofRW/3 x RL4. See Figure 2.

Note: If the application area is contained within a larger field or in one area ofa field that is
not immediately adjacent to another sampling area, creation of the insert (W/8) around the
area is not necessary. This results in simpler calculations.

4. Record the values ofL, W, W/8, RW. RWI3, RL and RL4 on the aerial photo andlor in the
log book. When recording in the log book, also make a sketch of the field.

S.' Twenty sampling locations on a grid patter wil be located in each sampling area. Locate the
origin of the grid at W/8 x W/8 paces (or feet) from one corner ofthe sampling area. In the
example from step No. i above, this location wil be LAL5-A-I. Place a pin flag at this
location. Continue walking (or measuring on the aerial photo) a distance of RW/3 paces (or
feet) across the width (small dimension) of the sampling area. Stop and place a pin flag at
each location. A total off our locations (LAL5-A-1 thru LAL5-A-4) wil be determined along
this first line across the sampling area. See Figure 2.

6. Turn 90 degrees and pace (or measure on the aerial photo) RU4 along the length of the
sampling area. This location wiI be LAL5-A-5. Turn 90 degrees and pace (or measure) a
distance of RW/3 across the width of the sampling area. Stop and place a pin flag at each
location. Another four locations wil be determined on this second line across the width ofthe
sampling area (LALS-A-5 thru LAL5-A-8).

7. Perform step No.6 another three times for a total of five lines across the sampling area. This
wil result in 20 locations. For sampling areas that are not rectangular or square. more (larger

distance than average width) or less (smaller distance than average width) than four locations
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wil be determined on each line acrOSS the width of the sampling area. Twenty locations
should stil be located; however, 18 or 19 locations are still acceptable.

Note: Sampling points may be relocated to the nearest point away from standing water,
overly wet soils, machinery, tres or locations with excessive vegetation (any of which would
preclude collection of a representative or uncompromised sample). If a sample point is
relocated, return to the original point to continue the sampling protocol.

2
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Illinois River Watershed Soil and Litter Sample
Compositing Protocol

1.0 Handling and Compositing of Soil and Litter Samples

Al individual soil samples from each su~location will be placed in
individual plastic bags (double bagged), packed in a cooler with blue ice
and shipped over night under chain-of-custody to the CDM processing
laboratory in Denver, Colorado. The sample number wil be located
between the iner and outer plastic bag. Each samplig area (up to four
samplig areas per LAL) wil have 60 individual saples (20 sub-sample
location x 3 sample depths == 60 samples). Al samples wil be received
by the CDM processing laboratory for compositig. Each of the 20 sub-
samples wil be composited into one homogeneous sample using the
protocol descrbed below.

Litter samples wil be recived by the CDM processing laboratory under
chain-of cutody in a S-gallon bucket. The litter sample wil be contained
in a plastic bag inide of the S-galon bucket will be closed with a tie. A
unque sample nwnber wil be written on the outsde of the bucket.

Upon receipt of the samples, the coolerlbucket temperatu wil-be
measured using a NISI traceable thennometer. The samples soil wi then
be removed from the cooler and checked againt the chain-of~ustody to
enure that all samples have been received.

The twenty sub-samples associated with the individual sample depth or
the entire littr sample wi be poured into a stainess steel bowl or 2.5~

gallon bucket ready for mig. Al equipment wi be
decontamiated/steried with laboratory grade distied water and 10
percent bleach (see procedure below).

1.1 Mixing of Soil Samples

· All health and safety protocol wil be followed as described in the
Health and Safety Plan for the Ilois River Basin Project. This is

includes wearig nitre gloves and processing soil in the hood.

· All feathers, roks, twigs, debris and vegetation wil be removed
before sieving and mixig.

· Mixing wil be accomplihed using a disposable, plastic samplig
scoop or a decontamated stainess steel spoon.

· All clods over 0.5 inches in diameter wil be disaggregated into
smaller particles by hand or the use of a decontamiated stainless
steel spoon or mortar.

· H the moistue content is too high to allow homogenization or
disaggregation of the particles, the sample wil be placed in steel

i
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dring pan and air dried over night.
· The sample wil be hand fied using the plastic scoop or stainess

steel spoon for at least five miutes or unti particles are unorm
in size.

· If a plastic bucket is used, the bucket wil then be sealed and
inverted or rotated at least 10 ties.

· After miing, the sample wil be sieved to remove parcles sizes
of grater than 2 mm using a decontamiated US Sieve no. 10
(gravel size particles wil be removed).

· Each fraction (greater than 2 mm and less than 2 mm) wil be
weighted. The less than 2 mm fraction wil be placed in a plate
grder and reduced in size to 0.074 mm (US sieve no. 200, very
fie sand).

· The ground sample wil be split using a rifle splittr and sent to
the various laboratories (see splittg procedure in section 1.3.1,
Duplicate Samples).

1.2 Mixing of Litter Samples

The same procedur as described above for the soil wil be used for the
litter. However, grindig may not be necessary if the litter can be sieved
directly though a US sieve no. 200.

1.3 Laboratory QAlQC Samples (Soil

Laboratory QA/QC samples wi consist of duplicate samples, blid
standards, and decontamation risate samples. The following describes
each tye of QA/QC sample.

1.3.1 Duplicate Samples (created at the soil processing lab)

Afer sample miing, sieving and grding, two split samples wil be
collected. The sub-sample splits should be collected using a nonbiased
rifle splitter. The sample is poured through the rifle splitter and into the
decontamiated collection pans. The amount of soil or litter contained by
the sample container shall be sufficient for the chemical and physical
analyses to be conducted.

At least one set of duplicate soil samples wil be created for each LAL
sampled or at a frequency of one duplicate for every 10 samples sent to
the laboratory (which every frequency is less).

At least one set of duplicate soil samples shall be submittd for each CL
sampled or at a frequency of one duplicate for every 10 samples sent to
the laboratory (which every frequency is less).

A set of duplicate soil samples for a samplig area within a LAL or a CL
shall comprise:

2
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· A duplicate sample prepared from the four to six-inch samples.

· A duplicate sample prepared from the two to four-inch samples.

· A duplicate sample prepared from the zero to two-inch samples.

One duplicate sample per integrator will be prepared for the litter
samples.

1.3.2 Blind Standards

A blid standard of a certied reference soil shall be sent to the analytical
laboratory for every 50 soil samples send to the laboratory. One blid
standard will'be sent to the analytical lab for every 10 litter samples sent
to the laboratory. The blid standard wi be sent by the CDM soil
processing lab. Blid standards wil be for metals, arsenic, and
phosphorous.

1.3.3 Decontamination Blanks

A sample of the fial decontamiation riate shall be collected and
forwarded to the analytical laboratory for anlysis at a frquency of one
decontamiation riate for every 25 samples sent to the laboratory. The
decontamition rite bla wil be generated in the CDM processing

laboratory using a fial rise of laboratory grade distied water. Al
parameters wil be anlyzed.

2.0 Shipment of Samples To the Analytical Laboratory

· Once placed in samplig contaier (plastic bags or jars), samples
shall be held at 4. C on blue ice (sealed in plastic bags) with
inulate protective containers.

· If possible, samples shall be shipped imediately via overnight
shipment to the analytcal laboratory.

· hi no event, shall samples be held more than 24 hour before
shipment.

· Samples shall be sent to the laboratory under a Chain-of -Custody.

· A custody seal wil be place on the outside of the cooler between
the lid"and the body of the cooler. The cutody seal wil be signed.

· The Chai-of-Custody shall be sealed in a plastic bag and placed
with the inulated protective container holding those samples to

which it refers.

3.0 Decontamination of Processing Equipment

All nondisposable equipment (bowls, sieves, spoons, and grders) wil

be decontamiated/steried after each composite sample is created.
Decontamiation wil include washig with phosphate free water
followed by rising with laboratory grade distiled water. A fial rie of

3
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10 percent bleach will be performed. The equipment wil be air dried.

4.0 List of Analytes and Bottle Requirements

4.1 Analytical Parameters

Soil samples wil be analyzed for one of two sets of parameters (short lit
or long lit). Table 1 provides the parameters an analytical methods for
the short lit and Table 2 provides the parameters and analytical methods
for the long lit.

Litter samples wil be anlyzed for Table 2 paramters.

Table 1: Short List Parameters - 5011

Parameter Method

Moisture content (%) Gravimetric (105C)

Organic matter Walkley-Black (Modifed)

Soil pH Water 1:1

Soil Conductivity Water 1:2

Total Nitrogen Kjeldahl, modified

Total Aluminum (AI) EPA SW-3050/6010

Total Phosphorous (P) EPA SW-3050/6010 

Total Arsenic (As) EPA SW-3050/6010

Total Copper (Cu) EPA SW-3050/6010

Total Zinc (Zn) EPA SW-3050/6010

Table 2: Long List Parameters - Manure and Soli

Parameter Method

Moisture content (%) Gravimetric (105C)

Organic matter Walkley-Black (Modified)

Texture (% sand, silt and Hydrometer ASTM-D422

clay).

Soil pH Water 1:1

Soil Conductvity Water 1:2

Total Phosphorous (P) EPA SW-3050/6010

Mehlfch-II Phosphorous Mehlich II (ICP)

(Mehlich-II P)

Soluble Phosphorous Water 1:10, Bull.396. pg 17

Soluble nitrate Water 1:10

Total Nitrogen KJeldahl, modified

Soluble ammonium Water 1:10

4
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Soluble sulfate Water 1:10

Soluble chloride Water 1:10

TAL Metals EPA SW..050/6010

Total Molybdenum (Mo) EPA SW-3050/6010

Bacteria:

Total colifomi SM-9221 B

enterococcus SM.9221 F

Fecal coliform SM-9230B

e-coli SM-9221 F .

staphylococcus MPN

campylobacter MPN

salmonella MPN

17ß-estradlol. estrone, estrol LC-MS-MS

*split before sieving and grinding

4.2 Anticipated Number of Samples

Soil: Assumg four areas and the depth wi be collected at 15 LAls
and 8 CLs, 276 soil samples (23 fields x 4 areas x 3 depth) wil result

(after compositig) and be analyzed. In addition, 28 duplicates (1 in 10);
11 decon nnates (1 in 24); and 6 standards (1 in 50) wil be collected.
Two samples for each LAL and CL (23 x 2 = 46) wil be selected for Table
2 analyses. Five of the duplicates, one of the standards and 2 of the
riate samples wil be anyzed for Table 2. The remaining samples (230

soil samples, 23 duplicates, five standards and 9 risates) wil be analyzed
for Table 1 parameters. In total, 321 samples wil be analyzed (267 for
Table 1 and 54 for Table 2 parameters).

Litter: Assumg three houses from each of five integrators, 15 litter
samples wil be collected. In addition,S duplicates, two decon riates
and two standards wil be analyzed. In total, 24 samples wi be analyzed
for Table 2 parameters.

In addition selected samples wil also be analyzed using molecu
methods (see task 3.9, Bacterial Analyses by Molecular Methods).

4.3 Bottle Requirements

Soil samples wil be analyzed for one of two sets of parameters (short list
or long lit). Table 3 provides the parameters, bottle requiement and
laboratory for the short list and Table 4 provides the parameters, bottle
requirement and laboratory for the long lit.

, Litter samples wi be analyzed for Table 4 parameters.

5
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Table 3: Short List Parameters. Soil

Parameter Bottle Laboratory
.

Moisture content (%) 1 Quart glass A&L

Organic matter 1 quart glass A&L

Soli pH 1 Quart glass A&L

Soli Conductivity 1 Quart glass A&L

Total Nitrogen 1 quart glass A&L

Total Aluminum (AI) 1 Quart glass A&L

Total Phosphorous (P) 1 Quart glass A&L

Total Arsenic (As) 1 Quart glass A&L

Total Copper (Cu) 1 quart glass A&L

Total Zinc (Zn) 1 quart glass A&L

Note: 1 bottle for all of the above analysis

Table 4: Long LIst Parameters - Manure

and Soil

Parameter Bottle Laboratory

Moisture content (0/) 1 Quart glass A&L

Organic matter 1 quart glass A&L

Texture (% sand, slit and 1 Quart glass (separate A&L

clay)* from the other bottles)

Soil pH 1 Quart glass A&L

Soil Conductivity 1 Quart glass A&L

Total Phosphorous (P) 1 quart glass A&L

Mehllch-II Phosphorous 1 quart glass A&L

(Mehlich-1I1 P)

Soluble Phosphorous 1 quart glass A&L

Soluble nitrate 1 Quart glass A&L

Total Nitrogen 1 Quart glass A&L

Soluble ammonium 1 quart glass A&L

Soluble sulfate 1 Quart glass A&L

Soluble chloride 1 quart glass A&L

TAL Metals 1 quart glass A&L

Total Molybdenum (Mo) 1 quart grass A&L

Bactena 1 - 250 mL plastic EML

(sterilized)

6
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17ß-estradfol, estrone. 1 - 4oz. glass GTL

estriol

"'split before sieving and grding

5.0 Analytical Laboratories

Bottes for estroge metabolites (all saples) wil be shipped to:
General Engieerig Laoratories, LtC

741 Corporate Cirle, Suite I

Golden, CO 804.0
Contact: Paul Winr,720-253-3093
Paul.wieitgel.com

Bottes for nutrents, meta, etc (all saples) wil be shipped to:
A&L Anlytcal Laboratories, Inc.
2790 Whtt Rd.
Memphi, IN 38133

Contact: Scott McKee, 800-2644522
smckeOalbs.com

Bottles for bacteri anyses frm soil and littr wil be shipped to:
Environmental Microbiology Laboratory
1 150 Bayhil Drive, Suite 100

San Bruo, CA 94066
Contact: Cole Mackelprang, 858-268-2762
cmackelprang(aemlab.com
Contact (microbiologist); Mark Walln, 650-742-8132
mwalln(aemlab.com

Bottles for molecular analyses will be shipped to:
Nort Wind, Inc.

1425 Higham S1.
Idaho Falls, ID 83402
Contat: Tarzen W. Macbeth, 208-528-8718

tmacbeth~nortwind-inc.com

7
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steps for Pulling Litter sa~plés
(Erø. att-aehed hQu.~ diaqram)

1. -ehtally dlv1d$ your bouse into thirds, length wise: .
'2, .takè 3 or 4 paces and Use sharpshooter to ,llpU.ii n ,a $maU

saniple (a~qut i pintIòf littfir: 'tr~m "left,ul/3 of the house
and pl~~ it in the Š q~llon buoket, be Burl! to obtain litter,
fro the ent:lre dëp.l:h ot the becidih9inaterial;

3 . take a~out 20-~5 pace's a:nd obtain ilriø.ther subsainple- Place th '
bÜt!ke~ and mix with other subs'a,mplè: .

~. rep~at stép 3 Ufit!l YbU ré$Ch Lh. end Of the house - youshoUld
end uphlv1ngpulled abo.ut ~ s~bsampies - 2 eaêh from around
the waterers, the feeder$ atid the' walls on each side o.fthE!hòusei '

5. walk. a: z!tZêlÇJ pattern down thø eenter ,o.f, t;hf; ho~se pulling and
inixinq sg~$ampl~s a~~ut ~V8~ 20-25 paces ~. you should obtain
a5inany subsl'Pl.es h~l:e as you did in thè ''left'' 1/3D't thö
hQU$~.'

6. repeat steps 2,.. 3 &
.,. label 1 ba:~lewlth '" for the nriqht!1 1/3 of the hQUs:ë t

thè follòwinèJbitbi:ation:
yol.l; n~.lÍe

daté
aømple type (ex. brøii.er :fûll hQUs.)
.$Binple number (1, 2 or 3)

'8. 'tneXOQughly'mlit tbe 1.e.$,ubisi!mples oli:ta:£nf¡d fi-oii the house, and
plac~'. .~lL ~~ol.nt in the. bagqie~repeat this prooess until

, ,t,he bagg:ie ¡s: GOut I./2 t'lll ;'
9. repèâilst.ps 2--8 twomòre tlllési

10.. t'a.kesàllpi:ìuitöyøür county Extenä:!t)ft A.q:ént fpr nia.i1, lngto the'lab fo'C' testing;' ,
ii..,yo\ir: resuits~:í1 ,lil! ln:aiil!~ ,to ..Yt)u :l:h abòut 7-10 days't
12. to ob~, .youJi .aver~qè, nutrlent 'Value add' thé'3 val-ues tor ~"ch

of the-nutrients '(those i-lstèd Ul1déX'- trlbs/toii' on i!$ is bad$'f
B,t the' bøt.tóJlOf'tbøpaq,ë:) and ,.dividebY" :3; .
about 25t, ,tJf the rii trogen wUl. beIQst after being' land appli p,)
- to détciminja tba aøidun.t Q( nitrQ,genrelYs-ininq il' your litt,.r.
. after tbe 1,061l$8 90plÏr; multi:ple th~ aVßrage 'flguJ:~by Q.75r
not ,all. o£ tllQ nitrogen end pho.pnorus wilL. become 1mmediat.p.1.y
'available to :yøur forages - todete~ine the amQUnt nf the$e
nutr~etitsthat will beco.e available within about imonth$,
,divide the remalninc;nutriëtitfi figure by 2,:
all olthe pQt.asl!ium (potaSh) wiii become ava ilable 1n a IInttør
of days '1
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0SU Sampling Animal Manure
OK1AJ IOMA COOPCRAIIVl

LX rrNSION SI:RVICl

Hailn Zhang
Waste Nutent Management Specalist

Douglas W. Hamilton
Waste Management Specalis

James G. Britton
Area Poultry Spealist

The accuracy of a chemical analyis Is only as goo as
the sample sent to the lab. The sample colleced should
closely represent the material used as a fertilizer. Manure
collected at one point In the system may be completely
different from manure collected at another point. Manure
characteristics can also change with the seasons. Sample
and anlyze manure close to the time when It wil be used. If
you only use It during a certin time ofthe year, saple during
thattlme. Take samples at least once per year and whenevr
manure handling proures change. If manure is used
throughout the year, sample more frequently. Many laborato-
ries supply sampling ki on request. Always consult with the
lab before collecting samples. The representative sample
colleced may become useless, if the proper shipping and
preservation procedure Is not used.

Sampling Techniques

Litter Inside a Broiler or Pullet House
Dry liter varies across the widt of the house-ateral

near the curtins is different from that under feeers and
waterers. There are also differences between broo and
growout areas and even the north and south sides of a house.

Oklahoma Cooperative Exension Fact Sheets
are also available on our website at:

http://w.osuextra.com

These differences must be considered to get a representative
sample. The follOWing techniques allow samples to be taken

with birds in the house.

Trench M"thod
Using a shovel (8 narrw spade work well), dig 8 trench

as wide as the shovel acros half of the broiler house
(Figure 1). Start atthe centerlineofthe house and dig a trench
in the litter to the sidewalL. if there is cake, cut the caked litter
to the width of the shovel and collec it too. Place the entire
contents of the trench on a tarp or drop cloth. Thoroughly mix
the litter using a hoe. Place a porton of this well-mixed litter
into a zlpper-closing plastic bag. Place it in a second bag. Use
the liter remaining on the tarp to backfll the trench.

Zigzag Method
Walk the entire house in a zigzag pattern (Figure 1) and

grab 15 to-20 subsamples with a shovel or coffee can. Collect
the entire depth of the litter, but be carefl not to remove soil
beneath the lilter. Place subsamples in a plastic bucket, and
mix thoroughly. Take a small saple from the bucket and

place in a zipper-closing plastic ba. Place in a secnd plastic
bag.

.. .
.. ..
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Figure 1. Taking poultry litter samples In the house using trench and zigzag methods.

Division of Agricultural Sciences and Natural Resources . Oklahoma State University
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Litter Inside a Breeder House (partially slatted)
A composite sample from a partially slatted breeder

house can be sampled by collecing sub-samples from both
slatted and litter areas. In all collec at least 20 sub-samples
to get a represenative saple ofthe building. Since 213 of the
house Is under slats, and 1/3 Is litter area, collect 14 cores
from under the slats and 7 samples from the litter area.
Sample through the slats using a soil probe or section of pipe.
Collec litter samples similar to the zigzag method above.
Place slat and litter samples In a plastic bucket and mix
thoroughly. Take a small sample from the bucket and place
In a zipper-closing plastic bag. Place in a second plastic bag.

Lagoon Effluent
If you only pump effuent from the top of a lagoon, you

only need to take a sample from the upper two feet. Samples
taken from the upper layer of the lagoon should represent the
contents of the layer for several weeks, although lagons do
change from month to month. It is a good idea to sample
lagoon effuent during the season of year you intend to
Irrigate. For Instance, If you plan to irrigate bemiudagrass in
May and wheat In August, then take two effluent
samples-April-May for the bemiudagrass, and July-August
for the wheat.

Bucket-Toss Method
A simple effuent sampler is a rope attched to a small

plastic bucket. Thro the bucket out Into the lagoon and let

It sink. Slowly pull the bucket back to shore, being careful not
to collec soom or solids with the sample. Then swlr1 the
bucket and pour a subsample Into a plastic container.

Dipper Method
Dipping Is less accurate than the bucket-tos method.

But if you object to handling an effuent covered rope, use a
plastc bottle securelytapec to a long pole. Make sure the pole
is long enough to reach over any scum collected at the edge
ofthe lagoon. Dip out a number of samples at different depths
and locations then mix the samples together In a bucket.
Swiri the bucket and pour a subsample into a plastic con-
tainer.

Entire Lagoon Contents
Sometimes, producers need to analyze the entire con-

tents of a lagoon, or they need to measure chemicals deeper
than tw feet in the lagoon. Lagoons separate into layers
(Figure 2). The bottom ofthe lagoon contains sludge. A scum
or crust may form at the top ofthe lagoon. Betwen the sludge
and scm is a large volume of liquid. To detemiine the total
contents of a lagoon for diagnostic purposes, you must put
together a sample from all the layers. You have two
choiceirollect a complete column of the lagoon profile or

cotlect material from each layer and mix it into a composite
sample based on the mass of each layer. Either way means
getting out on the lagoon in a boat.

Column Sampler
A number of corumn samplers are commercially avail-

able. All are basically a long hollow tube (Figure 2) that is

slowly lowere Into the lagoon. Once the sampler reaches the
bottom, the tube is closed off, so you can raise the entire

Grab Samples ColuDl Simple

Cl Stora Layr

Siudie Layer

Rgure 2. Sampling entire lagoon contents.

column from the lagoon. Be sure the sampler is long enough
to reach the bottom of the lagoon and wie enough to collect
an undisturbed sludge sample.

Grab Sampler
A dIscrete or grab sample Is a small saple taken from

one layer (Figure 2). The idea Is to gra the sample without
disturbing layers above or below It. Discrete samplers use
water pressure to force sludge or liquid Into the sampler. The
"Sidewinder" sampler Is an easy to build gra sampler for

lagoons. (Plans are available. Contact your count Extension
educaor). Oncecollecled, discrete samples may be analyzed
separately or combined Into a composite sample forthe whole
lagon.

Slurry From a Waste Storage Pond
or Settling Basin

Layers form in a waste storage pond jus as they do in a
lagoon. Sampling the entire contents of the pond requIres the
same techniques as a lagoon. Storage pond are mixe
before slurr is spread on the field as fertilizer. You can use
the bucket-toss or dipper methods to collec samples from
ponel. But the pond must be agitted firstl Solids contents
change as the pond Is pumped. Take small samples over the
entire pumping peri and mix Into a larger sample. Remove
a small subsample from the well mixed sample and place In
a plastic container.

Slurry From Pre-fabricated Storage Structures
Above ground storage structures are agitated before

spreading. The return line on a pump agitator should have a
valve to allow you to take samples. Take a number of small
samples while emptying the storage struture. To collect
samples from a propeller-agitated pit, use the bucket-throw or
dIpping method. Remove a small subsample from the well-
mIxed sample and place In a plastic container.

Slurry or Semi-Solid From Pits
Beneath Slottd Floors

Column samplers that are used to sample lagoons work
in storage pits as well. Homemadecolumnsamplers work just
as effectively, though. Take a section of plastic pipe narrow
enough to slip through the floor slots, but wide enough to
collect undisturbed solids. Lower the pipe through the slots
until you feelthe bottom of the pit. Cap the upper end, trapping
a column of manure. Empty the entire contents ofthe pipe into
a plastic bucket. Take samples from a number of locations

2248-2
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throughout the pit. Swirl or mix the contents ofthe bucket and
pour a subsample into a plastic container.

Solid and Semi-Solid Manure Of Feedlot Sunaces
Using 5011 probe, take a minimum of 20 cores randomly

from the pen surface. Walk the entire area of the pen in a
zigzag pattm to make sure you remove cores from all areas
Be careful to remove only manure and not the hardened soil
beneath. Collect cores In a plastic bucket and mix them
thoroughly. Take a small sample from the bucket and place

It In a zlpper-closing plastic bag. Place the bag In a secnd
plastic bag. Manure characteritics change with the age of
caUle and other managemen differences, so you should
sample representative pens of the same age and similar
management practices.

Solid Manure From Stockpiles and Dry Stacks
UsIng a shovel, remove samples from several locations

of at least 18 inches Into the pile. Place subsamples in a
plastic bucket. Mix, but do not allow the material to dry. Place
a portion of the sample In a plastic bag. For added safety,
place the bag In a second plastic bag.

Liquid and Slurry During Land Application
Sometimes It Is easIer to get a representative sample by

collecting samples during application. However, the totl N
concentration of samples collected in the field may be lower
than samples taken from storage because some ammonia Is
lost during application. Contact your locl ExensIon eduCator
or crop consultant before using samples collected in the field
for fertilzer reommendations.

Catc Cans In Ihe Field
This technique Is espeially useful If slunylsspread frm

a honey wagon or tank truck. Randomly place a number of
cans in the field. Collectwaste from the cans and mix In a large

bucket immediately after spreading. Swirl the bucket to mix
the contents and pour a subsample Into a plastic container.

Slurry or Liquid From a Big Gun Sprayer
Some big gun sprayers have a valve at the spray riser

used to drain the hose. Place a bucket under the valve and
open while the gun Is running. Open the valve slowlyl Big
guns operate at high pressures. Collect a number of samples
while pumping, and mix together. Take asubsample from the
well mixed material and place In a plastic container.

Sample Liquid. From a Sprinkler Nozzle
Impact spnnklers and LEPA spray nozzles work at lower

pressures than big guns, so it is safe to collec a sample
direcUy from the spray stam. Place a bucket or cylinder

directly In the stream. In large Irrgation sytems, collect a
number of samples at different loctions. Mix saples into a

composite. Take a subsample of the well mix liquid and
place it in a plastic container.

After Collecting Samples
Ship liquid and slurry samples In a quart-sized plastic

bottle with a screw top lid. Only fill the botte halffull to allow
for gas expanion. Squeeze flexible boles slightly before
screwing on the lid. Place solid and semi-solid samples In

zipper-closlng plastic bags. Place a second plastic bag over
both liquid and solid samples for extra safety. Use cardboard
boxes to ship sample bottles and bags. Pack the box tightly
wit expanded styfoam peanut or shreded paper and

seal with strapping tape.

Preservatives are generally not needed for manure
samples use for fertilzer recommendations. Oter analyses
may require special shipping and preservation. This is
especially true when collecting saples for biological or
bacteriologicl analysis.
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Hailn Zhang
Direcr, Soli, Water an Forage Analytca laboratory

Gordon Johnson
Nutrient Management Specanat

Soil tests proide a scientific basis for evaluating avail-
able plant nutrients in cropland, pastures, lawns, and gar- .
dens. Analyses of soli samples can help farmers and
homeowners fine-tune nutrient applications from fertlizers,
blosollds, and animal manure. Properl managing the amount
of nutrients added to the soil can save money and protect the
environment.

Soil nutrients vary by location, slope, soli depth, soil
texture, organic matter content, and past management prac-
tices, so gettng a good soil sample stands out as a major
factor affecting the accuracy and usefulness of soil testing.
This fact sheet outlines some speif considerations which
should be taken Into account to get the greatest benem from
soil testng.

Sample Soli at the Right Time
Fields used for production of cultivated crops maybe

sampled any time after harvest or before planting. Generally,
two weeks should be allowed for mailng, analyis, and
reportng of results. Additional time may need to be allotted
for ordering and appliction of fertilizers, manure, or lime
materials. Noncultlvated fields should be sampled during the
dormant season. In either case, do not sample Immediately
after lime, fertlizer, or manure applications because those
samples do not represent the true soil fertilty.

Fields should be tested annually to measure the avail-
able nitrogen pool or as frequenUy as necessary to gain an
understandIng of how soli properties may be changIng In
relation to cultural practices and cro proucon.

Collect a Representative Sample
Getting a reresentative sample is simple, but not easy.

Research at OSU and other universites has clearly shown
that a minimum of 20 cores or small samples taken randomly
from the field or area of Inlerest are necessary 10 obain a
sample which wil represent an average of the soli in the field
(Rgure 1). These cores should be collected In a clean plastic
bucket (to avoid metal contamination) and mixed thoroughly
by hand. The sample bag should be filled from the mixure. A
one pint (OSU soil sample bag full) sample Is usually ad.
equate for all tests which might be required. If the sample is
too wet to mix, it should be spread oul to dry some and then
mixed, or sampling should be delayed unti the field Is dñer.

It is Importnt to remember Ihat Ihe sample obtained by
the above proedure wil be an average of the area sampled.
If the area sampled is extremely vanable in the soil properties
which are goIng to be lested, then it may be better to separate

Oklahoma Coperative Extension Fact Sheets
are also available on our website at:

http://w.osuextra.com
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Figure 1. The minImum number of core ..mple. neeed
to make a representative composite sample Is about 20.

Figure 2. Divide field Into uniform sampling areas and
follow a random pam when 88mpllng. Avoid unusual
spots and try to obtain 8 repreentative sample.

the field Into smaller areas, and get a representative (20
cores) sample from each of these areas In orderto determine
how variable the field Is (Figure 2). In this way, it may be
possible to treat some areas of the field differently from others
and remove variability so that the field can be sampled and
treated as a unit in the future. Variabilty In a field can often be
noted by differences in surface soil color and crop grow or
yield.

Using only one sample for a large variable field can be
very cosily. Since the sample represents an average of the
soil In that field, recommendations based on the soil test wil
likely cause the field to be overfertilized on some parts and

Division of Agricultural Sciences and Natural Resources . Oklahoma State University
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underfertllized on other parts. Failure to obtain uniform
response to treatments based on a soli test Is freuently a
result of one sample being used to represent a large variable
field.

An example of fIeld variability Is shown in Table 1. The
range of test values was obtained by testng 40 Individual
cores taken at random from an aapparently uniform. aD-acre
field. The variation Is great enough so that for some analyses
the average Is not a goo representation of the field. Areas of
the field with the lowest pH, phosphorus, and potassium
values wil not recive adequate lime or fertlizer If reommen-
dations are based on the average test values.

A single core sample, or spadeful, is extmely risky
becuse It may test anywre In the range shown for each of
the anales. For example, deficIencies for wheat could

range from zero to 37 pounds of P 20S and zero to 34 pounds
of Kz0. For alfalfa, whic has much greater nutrint reuire-
ments, deficiences could range from zero to 94 pounds of
P zDs and zero to 120 ponds of Kz0. Thlswould also affeclthe
amont of nitrogen and lime reuired. Obviously, unless the
ao acres is divided Into less variable units for testing, some
areas of the field will reeive either too much or too little
fertilizer and lime.

In deciding how large an area can be represented by one
composit sample (20 cores), the detennlning factor Is not the
number of acres Involed, but rather, the varibility of the
area. Some large, unlfonn fierds can be represented well by
a single 2o-core sample, while some hIghly variable fields
need to be split Into two or more smaller areas for testng.
Regardless of the field size or main area being sampled,
unusual spots In the field (salty or wet spts) should be
avoided during the Initial rando sampling. When unusual
spots make up a significant area, they should be sampled
separately.

. Sample at Proper Depth

Cultivated Fields
For mot soli tests the sapling depth Is the tilage depth.

The reason for this Is beuse most crps have their greatest
root activity in the tilage depth. Obtaining a representative
sample with regard to depth means that each of the 20 cores
taken from an area should be from similar depth, tilage, or six

Table 1. Variabilty of an 80 Acre Field Based on Soli Tests
of 40 IndIvidual Soli Cores.

Soli Test Values

Analysis Range Average

pH 4.9-6.3 5.6
Bufferlndex 7.1-7.4 7.3
Nitrogen 1-34 11
Phosphorus 23-114 36
Potassium 149.770 306

Inches. Soil tests are generally calibrated on the basis of an
acre furrow slice, approximately two milion pounds of soil in
. the top six inches.

For deep-rooted nonlegumes such as wheat,
bermudagrass, sorghum, and cotton, a separate sample
representtive of the subsoil should be taken In addition to the
tillage depth or six-Inch sample. This subsoil sample should
reresent the layer of so/i from 7 to 24 inches below the
surface. Because nitrate-nitroen Is mobile In th soli, a test
of available nitroen (and/or chloride and sulfate) In the
subsoil nmple wil provide a more complete plcure of avail-
able mobile nutrients for these cros (Figure 3) and can save
fertilizer expenses.

No-till Fields
Noncultivated fields should be sample to a depth of six

Inche, again because this Is the effective depth of most
treatments and the depth of mot rot activi. Nutrients fro

fertilizer, animal manure, and lime can be accumulated on the
surface If they are surface applied without Incrporation. A set
of samples from the top tw inches wil help Identify stratifca-
tion of nutrients and Is espeally important for pH detennina-
lion for no-til fields, If nutrient loss In runoff Is the main
concern, the two-Inch sample Is better than a six-Inch sample
because only the surface Inch or two Is In diret contact with
surface runoff.

Salinity Diagnosis
When salt accumulation is suspected as a cause of por

stand establishment and the sample Is being taken after
planting, then th depth of sampling should approximate the
seeding depth (one to three Inchs). This Is especially
imprtant when conditons have been favorable for soluble
sats to move upwar and accumulate near the surface after
planting. Sinc excess sas are mot harmful to gennlnatlon

and seedling vigor, it Is this shallow depth which should be
tested. N. olhertlmes during the year, a sample of the entire
tillage depth may be most useful to testfor salt accumulation.

Send Samples for Analysis
Soli samle bags are available at loal count Extension

ofces. Exension offces will mall your samples to the OSU
Soil, Water and Forage Analyic laboratory and assist you
to interpret test results.

FIgure 3. A soli probe
Is a good tool for 01J
talnlng soil samples.
Push the tube to the
six.lnch depth and re-
move the core. Then
take the seven to 24~

Inch core through the
same hole for the sub-
soil test.
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Soil Sampling Protocol

The following steps should be taken to obtain an accurate soil sample for each field.

1. Obtain the correct soD-samplig tool: A soil probe marked for a four-inch depth wil be
used to collect soil samples. A four-inch depth soil core will be collected intead of a six-
inch depth core since these soil samples are being used for envirnmental quality rather
than agronomic puroses. If needed, a shovel wil be used to collect a uniform soil
sample.

2. Identi sampling area: Divide field into uniform sampling area based upon the soil

tyes and properies, topography, landscapes, and management history. Select and
separte fenced areas, hilsides, creek bottoms, or other well-defined featues for accurate
and representative soil sampling (Figu I). Individual pastues mae good reresentative
areas if the above unformty conditions are reasonably mel A soil surey map may be
helpful in identifYng sampling areas.

3. Take at least is cores (or sub-samples) from each sampling area: Follow a radom
zigzag pattern (Figu I) to collect 15 to 20 individual 4-inch deep sub-samples for an

area up to 20 acres and 20 to 25 individual sub-sarples for an area grter than 20 acres.

Remove thatch and other plant residue from the soil surace before pushing soil probe
into the soiL. Combine individual sub-samples in a bucket and mix thoroughly to form a
sample that represents the entire area. Remove any plant debns and rocks before placing
in box. Remove enough of the sample to completely fill the soil sample box (about a
pint).

4. Locations to avoid: Avoid locations such as old fencerows, low spots, livestock feedig
and loafmg areas if these areas compnse less than 10 percent of the total sampling area.
Such ar may need to be treated as separate sampling aras. Ifusing a shovel, avoid a
wedge-shaped soil sample volume.

S. HandUng soil sample: Record enough inormation on the soil sample box to identify the
location, date of sampling, depth of sample, and test requested. Also record this
inforation in a logbook for futue refernce. Send soil samples to an apprved
laboratory for analysis.

ligure 1. Divide field into uniform sampling areas and follow a random pattern when sampling. Avoid
unusual spots and try to obtain a representative sample.
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mELD BOOK PROTOCOL

BEGINNNG OF FILD DAY
Date at the top ofthe page.
Project Name and/or Site Name
Personnel, their employer, city of origin

i.e. Daren Brown, CDM, Denver, CO

General weather conditions anticipated durng the day
i.e. Cloudy, 60's AM, high in 80's. Light winds. Possible rain in PM.

Anticipated activities during ths field day
i.e. Anticipated to sample LALI, LAL2, CL1, and FACI today at

Faner John's located in T15N, R23E, Section 12
The above entries must be made at the beginning of each day.
Following Beginning of Day Entries

Time (preferably miltar i.e. 1620 hours is 4:20 PM)
Field Location (T/RS) and general location relative to nearest road intersection

i.e. TI5N, R23E, SectionI2, NE ofthe SE quarer. NW of intersection
of Road 2N and 3E.

Owner/operator of propert

Maps: Provide two maps - one showing general location of field relative to
neaest road intersection and rough distace frm intersection. Add any
signficant landmks (i.e. house, towers, etc.)

Second map - general shape/dimensions of field and general locations/Is
of subareas to be sampled. General location of sample points.

NOTE: Ifyau wil be providing information on the questionnaire sheets, state
this in the field book and identify the Form ID in the field book.

Activity to be conducted at Site.
i.e. Split field into four subareas and collect samples from 20 locations

in each subarea. Sample depths 0~2, 0-4, and 0-6 inches
or Provide operator with 5 gallon bucket and request operator to

collect littr samples from 18 locations within the house.
ALWAYS RECORD

Time
GPS Location coordinates (if applicable)
Signficant event (i.e. sample collected/sample il, visitors, change in weather)
Any signficant deviations from sampling protocol
Intials at bottom of page
Date at top of page
Page Number

END OF DAY
Sign and date the page.

BLANK PAGES - DO NOT LEAVE BLAN PAGES. SIGN, DATE, AN MA
THROUGH AN BLANK PAGES.
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